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This application claims priority to the provisional application Serial No. 60/159629. 
-Shaped Airtaid Layers for Personal Care Articles ("SLICK" Concept)." filed October 14. 



5 

1999. 



Summary of the Invention 



It has been discovered that airiaid webs comprising heat-sensitive binder material 
(thermoplastic or thermally curable) can be molded into useful, three-dimensional shapes 

10 providing improved body fit and flow control by means of an online process in which a flat 
airiaid web comprising binder material is held against a molding substrate after or during 
application of energy to the web. causing the web to conform to the molding substrate and 
form bonds that lock the web into the shape of the molding substrate. The web can be 
held against the molding substrate by pneumatic forces, tension in the web itself, tension 

1 5 applied by a belt or wire, restraining forces from a backing surface such as a second 
surface that conforms to the molding substrate, and the like. The molding substrate can 
be metal (e.g.. aluminum, steel, copper, brass, titanium, and the like), glass, ceramic, 
plastic, a composite material, and the like, and can be gas permeable or impermeable. 

The methods of the present invention can enable production at industrial speeds of 

20 molded absorbent structures shaped to provide both body fit and flow control in absorbent 
articles. 

Molded airiaid structures within the scope of the present invention include those 
having slotted vertical gaps that offer an entranceway for gushes of body fluids, as well as 
anatomically conforming shapes adapted to not only receive and direct flowing fluids, but 
25 to also guide the flexure of the article in use to better conform to the body. Articles 

according to the latter concept can. for example, have a central elongated hump, one or 
more longitudinal flow channels, and a plurality of transverse flexure zones (hereafter 
described) away from the central hump to cause the article to flex toward the body when 
compressed from the sides. Such articles can adapt to fit the body of the wearer during 
30 the dynamic conditions of use. thereby providing both comfort and leakage prevention. 

The energy can be applied by microwave radiation, radiofrequency energy, or 
other electromagnetic radiation sources, as well as by heated air or by conduction with 
heated surfaces. When microwave energy is applied, the web can incorporate binder 
materials such as thermoplastic binder fibers or curable resins that are relatively sensitive 
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to microwave radiation (compared to pure cellulose itself) by virtue of a high dipole 
moment. In one embodiment, microwave energy is applied to the moving web as it passes 
through an opening in a microwave resonance chamber, where microwave energy is 
focused into the web. In another embodiment, microwave energy is applied to the web 
5 through a rotating microwave horn terminating in a microwave-transparent window having 
a three-dimensional structure suitable for molding the web. The rotating horn moves with 
the web while the web is near or in contact with the horn. A wide variety of other 
embodiments are also within the scope of the present invention, as set forth hereafter. 

Alternatively, the energy can be applied in the form of heated gas passing through 

10 the web, or by conduction from one or more heated molding surfaces, or by application of 
ultrasonic energy, infrared energy, and the like. The energy heats the binder material, 
promoting fusion of a portion of the binder material to join fibers in the airlaid in the case 
of a thermoplastic binder, or promoting curing in the case of thermosetting materials or 
heat-curable crosslinking agents. The resulting molded airlaid web can be cut into discrete 

15 sections suitable for incorporation into an absorbent article. The section of airlaid web can 
have any one or more of the following characteristics: a substantially uniform density, an 
apparent thickness at least 50% greater than the original thickness of the unmolded web, 
an Overall Surface Depth (hereafter defined) of at least 0.5 mm, a Surface Height of at 
least 1 mm, a wet compressed bulk at least 50% greater than that of the unmolded web, a 

20 longitudinally elongated central hump and one or more transverse flexure zones between 
the hump and one or more of the longitudinal ends of the section of the airlaid web, and 
one or more longitudinal flow channels formed by elevated structures on the section of the 
airlaid web. 

As used herein, an "airlaid web" is a fibrous structure formed primarily by a 
25 process involving deposition of air-entrained fibers onto a mat, typically with binder fibers 
present, and typically followed by densification and thermal bonding. In addition to 
traditional thermally bonded airlaid structures (those formed with non-tacky binder 
material present and substantial thermally bonded), the scope of the term "airlaid" 
according to the present invention can also include coform, which is produced by 
30 combining air-entrained dry, dispersed cellulosic fibers with meltblown synthetic polymer 
fibers while the polymer fibers are still tacky. Further, an airformed web to which binder 
material is subsequently added can be considered within the scope of the term "airlaid" 
according to the present invention. Binder can be added to an airformed web in liquid form 
(e.g., an aqueous solution or a melt) by spray nozzles, direction injection or impregnation, 
35 vacuum drawing, foam impregnation, and so forth. Solid binder particles can also be 
added by mechanical or pneumatic means. 
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As used herein, an "airformed web" refers to a mat comprising cellulosic fibers 

such as those from fluff nuln that h wa rn r,-, m .„j — . ... . _ .. 
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process, and then deposited on a porous surface without a substantial quantity of binder 
fibers present. Airfelt materials used as the absorbent core in many diapers, for example. 
5 are a typical example of an airformed material. 

In one embodiment, the absorbent article of the present invention has an upper 
absorbent layer comprising a three-dimensional molded cellulosic airlaid web having a 
portion of water-resistant thermoplastic binder material therein. The molded airlaid web 
can have a substantially uniform basis weight and thickness prior to molding, but is 
10 molded to have a plurality of elevated regions offering a distinctive profile well suited for 
conforming to the body of the wearer. The molded web can also be adapted for providing 
significant void volume beneath the upper absorbent layer and preventing leakage to the 
sides of the article. In some embodiments, the molded airlaid web has a body-side 
surface topography comprising a central hump having an oval shape elongated in the 
15 longitudinal direction, and a plurality of molded flexure zones having a component 

extending in the transverse direction and disposed between the central hump and at least 
one longitudinal end of the molded airlaid web. The molded flexure zones assist in 
permitting an initially flat article to readily conform to the shape of the wearer's body along 
the longitudinal axis of the article. 
20 In one embodiment, thermal molding is achieved as hot gas passes through the 

web in the region to be molded, causing the binder material to become activated (e.g., for 
thermoplastic material such as binder fibers to at least partially melt and bond cellulosic 
fibers together) to hold the web in the shape defined by the mold. Heat transfer may 
further be assisted by providing an oscillatory flow of heated gas with a reverse flow 
25 component, such as is found in the heated gases produced from pulsed combustion 
systems, wherein acoustic waves enhance the heat transfer of the gases. An exemplary 
system for providing oscillatory flow of heated gases suitable for the present invention is 
disclosed in US Patent No. 6,085,437. issued July 1. 1998 to G.K. Stipp. herein 
incorporated by reference. 

30 When shaping of the web comprises application of mechanical pressure from a 

solid surface, as opposed to pneumatic pressure, the web can be heated before the 
mechanical forces for shaping are fully applied in order reduce damage to the web and 
achieve higher strength and molding definition. Such preheating can be achieved with any 
known method, such as steam impregnation, heated air passing through the web, 

35 application of radiative or radiofrequency energy, and the like. Alternatively, the solid 
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surfaces themselves may be heated to cause heating of the web sufficient to activate the 
binder material. 

While webs can be heated by conduction, high-bulk cellulosic webs can be poor 
conductors and may not always permit uniform treatment of the web under the constraint 
5 of short heating times. Other forms of heat can be applied as the web is being held in a 
desired shape. Suitable forms include application of ultrasonic energy; radiofrequency 
energy such as microwaves, particularly when binder material in the airlaid web is 
responsive to such radiofrequency energy; and convective heating from hot gases 
passing through or impinging onto the web. 

10 For many binder materials, heating to temperatures above about 90°C is required 

for effective activation of the binder material. For example, many thermoplastic binder 
materials become activated over a temperature range of about 95°C to 200°C f more 
specifically from about 100°C to about 170°C, and most specifically from about 1 10°C to 
150°C. The higher the temperature, the higher the molding definition. Excessive 

15 temperatures should be avoided to prevent scorching or other harm to the web. 

Radiofrequency Heating (Microwaves) 

The use of radiofrequency energy, microwaves or other electromagnetic means of 
applying energy to a web can allow more uniform treatment of the web or of any binder 
material in the web. As used herein, "radiofrequency" (RF) energy comprises 

20 electromagnetic radiation in the spectral range of 300 Hz to 300 GHz. "Microwave 
radiation" is a subset of RF radiation spanning the spectral range from 30 MHz to 300 
GHz. Typical frequencies for microwave energy are 915 MHz and 2450 MHz (2.45 GHz), 
the ISM bands allowed by the Federal Communication Commission (FCC). General 
principles for microwave heating are given by R.C. Metaxas and R.J. Meredith in 

25 Industrial Microwave Heating, Peter Peregrinus, LTD, London, 1983. A useful tool in the 
design of microwave heating systems is the HFSS™ software provided by Ansoft Corp. 
(Pittsburgh, PA). 

In one embodiment, applying sufficient energy to the airlaid web comprises 
application of microwaves to cause components in the web to heat sufficiently to fuse or 
30 melt thermoplastic binder materials. For example, an airlaid web can comprise fibers 
and/or particles of dipolar polymers such as polyurethanes, isocyanates, polyethylene 
oxide, polyester, and their derivatives, or mixtures or copolymers formed therefrom. 
Application of microwave radiation causes the dipolar polymers to become heated enough 
to either fuse or to cause other less dipolar thermoplastic materials to fuse. For example, 
35 a sheath-core bicomponent fiber with a polyester core and a polyolefin sheath can be 

-4- 
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more microwave susceptible than the core. An exemplary application of microwave 
energy is found in the commonly owned PCT publication WO 99/22686, "Composite 
5 Material with Elasticized Portions and a Method of Making the Same," by R.G. Brandon, 
F.M. Chen, and R.E. Vogt, US Patent No. 5,916.203, issued June 29, 1999. Further 
details of providing microwave chambers for applying energy to a moving web are 
disclosed in US Patent No. 5,536.921. issued July 16, 1996 to Hedrick et al.; US Patent 
No. 6020580; and US Patent No. 4,234.775, issued November 18, 1980 to Wolfberg et 
10 al.; all of which are herein incorporated by reference. 

US Patent No. 5,958,275, issued September 28, 1999 to Joines et al., herein 
incorporated by reference, provides several useful embodiments for application of 
microwave energy to a moving planar material such as a web. The web passes through a 
slot in a microwave chamber that has adjustably variable path lengths to allow peaks and 
1 5 valleys of the electromagnetic field in one exposure segment to compensate for peaks 
and valleys in another exposure segment. For example, the microwave chamber may 
have a serpentine shape that makes several passes over the web to ensure uniform 
application of microwave energy. Specialized choke flanges prevent the escape of 
electromagnetic energy. One or more rollers between exposure segments in the 
20 microwave chamber may be enclosed by an outer surface to prevent the escape of 
electromagnetic energy. 

In an embodiment related to the equipment disclosed in commonly owned US 
application Serial No. 09/603714 by R.E. Vogt. filed June 27, 2000. herein incorporated by 
reference, microwave energy is directed by a waveguide into a resonance chamber 
25 adapted to focus energy into a plane or along a line through which the moving web 

passes. A cylindrical chamber can be suitable, for example, wherein the web travels along 
a diameter of the chamber, entering and leaving through slots along opposing sides of the 
cylinder. Quarter-wavelength chokes extend outward from the slots to prevent excess 
leakage of microwave radiation through the slots. When tuned for microwave energy to fill 
30 the chamber in the TM 010 mode, the energy is focussed along the axis of the cylinder and 
thus into the web for efficient delivery of energy. (TM modes are generally expected to be 
useful for microwave heating of a web in the present invention. TEM modes can be used 
but are more likely to permit leakage of microwaves from the chamber.) The web may be 
carried on a belt of material such as Teflon™ that is relatively unsusceptible to microwave 
35 energy, or the web can pass through the chamber without being on a carrier belt. 
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General principles for use of cylindrical resonance chambers for microwave 
heating and the coupling of a waveguide to an aperture in the cylinder are given by R.C. 
Metaxas and R J. Meredith in Industrial Microwave Heating, Peter Peregrinus, LTD, 
London, 1983, pp. 183-195. In general, a rectangular waveguide is choked down through 
5 an aperture in the center of the cylinder (e.g., on the top or bottom of the central portion of 
the cylinder when a web runs through the middle of the cylinder along the horizontal 
diameter) to provide efficient transfer and distribution of microwave energy into the 
cylinder. 

US Patent No. 6,020,580, issued February 1, 2000 to Lewis et al., herein 

10 incorporated by reference, discloses a suitable microwave applicator with an elongated 
chamber such as a cylindrical shape which can be used or adapted in accordance with 
Vogt (US application Serial No. 09/603714) for use in the present invention. A waveguide, 
connected to the elongated chamber, couples microwave power into the elongated 
chamber. The cross-sectional area of the elongated chamber can be mechanically 

1 5 adjusted to control and maintain the microwave field uniformity and resonant mode, 
suitably a length independent mode TM 010 , during the processing of the material. The 
applicator thus provides microwave energy having a substantially uniform field distribution 
over a large area for processing a web. 

In addition to heating and activating thermoplastic binder materials, 

20 electromagnetic radiation in the form of microwaves or ultraviolet radiation, for example, 
can also be used to cure resins that are in liquid form. For example, an airlaid web can be 
impregnated or sprayed with a liquid binder system, followed by application of light 
pressure to mold the web into a three-dimensional shape as radiation is applied to cure 
the liquid binder. Heat can also be applied to cure some binder systems, wherein the heat 

25 is applied by through drying or other convective means with hot gas passing into the web, 
infrared radiation, conduction, and the like. Examples of microwave and UV curing of 
resins in a fibrous preform is found in US Patent No. 5,169,571, issued December 08, 
1992 to D.T. Buckley, and in US Patent No. 5,338,169, issued August 16, 1994, also to 
Buckley, both of which are herein incorporated by reference. One form of convective heat 

30 transfer of value in the present invention is the hot air knife, or HAK, as described in US 
Patent No. 5,962,1 12, issued October 5, 1999 to Haynes et al., herein incorporated by 
reference. 

A method for simultaneously applying microwave radiation and applying moderate 
pressure to the web to mold it can be achieved by using a microwave-transparent solid 
35 material, or microwave window, as one of the surfaces pressing against a bulky web. 
Suitable microwave windows and cooling systems for the windows are disclosed in US 
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Patent No. 5,228,947, -Microwave Curing System," issued July 20, 1993 to MT. 

inPAmr»rol«^ _ — «• 
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While the above examples typically are directed toward a web passing through 
stationary microwave equipment, the microwave energy or other energy sources for 
5 heating the web can be mounted to a moving structure (or energy from a stationary 
source can be guided into and distributed from a rotating device), such as a rotating 
wheel, or an moving belt or track, to move with the web for a predetermined length or 
time. A plurality of energy sources can be provided on the moving structure. A portion of 
the web can then be treated by a moving energy source, and upon separation from the 
10 energy source, the energy source can be repositioned to treat another portion of the 
moving web. For example, 10 or more microwave sources can move on an endless track, 
permitting five or more to be acting portions of the web at any time. In this manner the 
web canJ>ejnolded^moving molding substrate at the same time energy is applied to 
it. — -- • - 

1 5 By way of example, a moving web can rotate on a turret with a plurality of 

microwave horns, each terminating in a microwave-transparent window that can be 
pressed against the web as microwave energy is applied. The horns can be supplied with 
microwave energy from one or more stationary sources via a waveguide leading into the 
center of the rotating turret, or one or more microwave sources can be installed inside a 
20 rotating turret. The three-dimensional shape of the web as it is pressed against the 
microwave window can be locked into place by the fusion of binder material that joins 
fibers together once the binder material cools again. Alternatively, the binder material can 
be thermosetting or curable, becoming solidified or activated upon heating to hold the 
fibers together in the three-dimensional shape experienced during application of energy. A 
25 microwave-reflecting backing surface can be present, with the web residing between the 
backing surface and the microwave horn, to prevent microwave leakage and help 
establish effective resonance for heating of the web or the binder material therein. 

When using microwave energy supplied radially outward from a turret, the web can 
be held against the molding substrate with a belt that can be microwave transparent or 
30 microwave reflecting, such as a belt with a metallic mesh therein. 

US Patent No. 6.001 ,300. issued December 14. 1 999 to Buckley, herein 
incorporated by reference, also discloses methods for applying microwave energy into a 
three-dimensional mold through a molding surface transparent to microwave energy. 
Waveguides are used to uniformly distribute the energy. The microwave windows can 
35 comprise a plurality of segments to reduce the risk of cracking from thermal stress. The 
windows also can be configured as lenses to direct the microwave energy to desired 
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Binder materials can also be applied as liquid resins, slurries, colloidal 
suspensions, or solutions that become rigid or crosslinked upon application of energy 
(e.g., microwave energy, heat, ultraviolet radiation, electron beam radiation, and the like). 
For example, Stypol XP44-AB12-51 B of Freeman Chemical Corp., a diluted version of the 
5 Freeman 44-7010 binder, is a microwave-sensitive binder that was used by Buckley et al. 
in US Patent No. 6,001,300, issued December 14, 1999, previously incorporated by 
reference. Buckley et al. also disclose the following UV-sensitive binders available from 
Freeman Chemical: 80497 (slow system), 747-10 (medium system) and 19-4837 (fast 
system). 

10 Various types of thermosetting binders are known to the art such as polyvinyl 

acetate, vinyl acetate, ethylene-vinyl chloride, styrene butadiene, polyvinyl alcohol, 
poiyethers, and the like, as well as elastomeric latex emulsions. Representative 
thermosetting binder materials which are adapted for application in the form of a liquid 
dispersion include copolymers of ethylene and acrylic acid, vinyl acetate-ethylene 

15 copolymers, acrylonitrile-butadiene copolymers, vinylchloride polymers, vinylidene 

chloride polymers, curable acrylic latex compositions, "Airflex" available from Air Products 
& Chemicals, P.O. Box 97, Calvert City, Kentucky 42029, and the like. 

Latex that does not become crosslinked can be useful in producing an absorbent 
article that is also flushable after use. For example, commercial latex sources can be 

20 used, wherein a crosslinker is present, without causing significant crosslinking if the 
temperature of curing is kept below a designated temperature (e.g., below 130°C for 
many latices), or if the pH is kept at a level incompatible with latex crosslinker (e.g., a pH 
of 8 or above, more specifically 8.5 to 10:8). Alternatively, a crosslinking inhibitor could be 
added to preclude crosslinking, even when heated. Sodium bicarbonate, for example, can 

25 be a useful crosslinking inhibitor. Also alternatively, latex can be prepared with 

substantially no crosslinker present (typically NMA), such that a water-dispersible film can 
form upon drying which can provide strength in the dry state and a reduced degree of 
strength when moistened, with the possibility of rapid break up when flushed. 

Water-soluble, non-colloidal, cationic, thermosetting binders suitable for use with 

30 cellulosic fibers are disclosed in US Patent No. 4,617,124, issued October 14, 1986 to 
Pall et al., herein incorporated by reference, where epoxide-based versions are said to be 
preferred, including both polyamido/polyaminoepichlorohydrin resins and polyamine- 
epichlorohydrin resins, such as Kymene® 557 and the Poiycup® series of resins 
manufactured by Hercules Incorporated (Wilmington, Delaware). Related materials can be 

35 prepared by reacting epichlorohydrin with condensation products of polyalkylene 
polyamides and ethylene dichloride. Compositions of this type are disclosed in U.S. 
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Patent No. 3,855,158 and are exemplified by Santo-res® 31, a product of Monsanto Inc. 

Anchor form — . %i i i. . A . . .... 

w . U1 „ HaiU ouwiiy iype oi oinaer resin is prepared by the reaction of 

epichlorohydrin with polydiallyl methyl amine to produce an epoxide functional quaternary 
ammonium resin. Compositions of this kind are disclosed in U.S. Patent No. 3,700.623 
5 and are exemplified by Resin R4308, a product of Hercules Incorporated. The disclosures 
of U.S. Patent Nos. 3.855.158 and 3.700.623 are incorporated herein by reference. 

Water degradable binder fibers can be used such as those used in the coform 
products of US Patent No. 5.948,710. issued September 7. 1999 to Pomplun et at, or 
those disclosed by Jackson et al. in US Patent No. 5.916.678. issued June 29, 1999. both 
1 0 of which are herein incorporated by reference. 

Polycarboxylic acids can also be used as thermally curable binder materials. For 
example, commonly owned US patent application Serial No. 09/426300. "Patterned 
Application of Polymeric Reactive Compounds to Fibrous Webs." filed October 25, 1999 
by Sun and Lindsay, herein incorporated by reference in its entirety, discloses polymeric 
15 anionic reactive compounds which can be applied to cellulosic webs to cause crosslinking 
between the fibers for good strength and bonding. The polymeric reactive compound can 
be a polymer such as a copolymer, terpolymer. block copolymer, homopolymer. or the 
like, comprising a monomer with carboxylic acid groups on adjacent atoms (particularly 
adjacent carbon atoms) that can form cyclic anhydrides in the form of a 5-membered ring 
20 with maleic acid or its derivatives representing specific embodiments of such a monomer.' 
Copolymers of maleic acid or maleic anhydride are thus useful polymeric reactive 
compounds. Polyacrylic acid can be formed to be useful for the present invention if a 
significant portion of the polymer comprises monomer that are joined head to head rather 
than head to tail, to ensure that carboxylic acid groups are present on adjacent carbons. 
25 Copolymers of maleic acid or anhydride with acrylic acid or its derivatives are also useful 
polymeric reactive compounds. A useful commercial compound comprising polycarboxylic 
acids suitable for bonding fibers in an airiaid web is BELCLENE® DP80 from FMC 
Corporation, which is a terpolymer of maleic acid, vinyl acetate, and ethyl acetate. 

Useful catalysts for curing with polycarboxylic acids include alkali metal salts of 
30 phosphorous containing acids such as alkali metal hypophosphites. alkali metal 
phosphites, alkali metal polyphosphonates. alkali metal phosphates, and alkali metal 
sulfonates. Useful metal polyphosphonates can include sodium hexametaphosphate and 
alkali metal hypophosphites such as sodium hypophosphite. When a catalyst is used to 
promote bond formation, the catalyst is typically present in an amount in the range from 
35 about 5 to about 20 weight percent of the polycarboxylic acid. More specifically, the 
catalyst can be present in an amount of about 10 percent by weight of the polycarboxylic 
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♦ in l IS Patent No 5,042.986, issued August 27, 1991 , nerem inw y 
biodegradable polyesters. 

P^c^ntstive Structural Variations 

20 

The molded ainaid W ebs used in the present invention can have non-planar 
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in one alnaid v»e b . „ 01her " " ' "* 

void volume between adjacent lav*rc tk ■ . 9 " d ,ncrea se the 

— * even Jen ^"^T 7 » * - «» * — 

y means of a wicking barrier to promote a center fin a « ^ • „ 

a pofymedc film Wng ^ Mnlral • « *"*»<9 bame, suc f, as 

the centra, absortenl member and lta ° 77 "™~*afcn between 

absorten, cora ££££ tZ 7 3 * - 

October 2. ,998. herein , ncorp<)rated ^ referera 9 b " <*" « «ed 

eere„eed„e,b,^X^r r ' ^'^ 0 " 0,0,8 ate °^ 
completely separate from the surrounding outer portions of the 
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h nrbent core Each layer can be a unitary absorbent .ayer having a contoured centra, 
absorbent core. Eacniaye absofb ent core, wherein a wicking barrier 

portion which contributes to a hump ,n the absorbent co ^ 

.c*gUudina.* separates^ 

completely isoiating the centra, portion. The use the crotch region of 

5 Po*onofaun*a,absorben = 

the absorbent article is descbed ,n more deta,. co Performa nce," 

, ;r^~^=== 

portions are « contiguoos rather than s*ar*e ^ „ me present 
My topshee, meter* « - — " " M 

ooen oompieted. especiat* good vrsoal de«n»oo of ««c* ^ 
15 ad «eveO in so™ when the * fc ^ 

,„ motding. Thos. in one en*o*nenf. a .opshee. M canco J 

10 pem.enen.ly mold the «rM »eb te hevea Ihre ^ 

step can comprise de,„mfng the - - W* „ ^ 

w sorfaoes (e.g.. mate and feme* pe»e- ,n „ a * a «on or 

to ft. «« »eb » cause bonding of ^"^J^, „ a ^osic web. 
hea.^re^.W«nW«res^*^^ „ 

u^w^ ifiivr above 180°C, above 200 C, or aoove » 
such as above 160 C above 1 . ^ Representative high - 

polymers can be used .n the topsheet to p ter ephthalate or 

.onovation, Inc.. Leonla, NJ). aram,d fibers «k* .as Kev a ^ ^ ^ 

30 ^^ot^im^ 

wherein raised arcuate pro.ect.ons termmate abrupt y embodim ent. an 

gaps^tcanhaveo^napert,^^^ 
35 elevated portion of the airtaid web ,s associated wrth a sW o ^ ^ 

to a ..ow the e.evated portion to form a vertica. gap defined by drffenng 
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- HMMMWI; . VV(tn tne vertjcal gap fadng toward the ^ 

absorbent artide. fluid can be intercepted and trapped that might otherwise run off the 
art.de. white the elevated arcuate structures can provide improved body fit and serve as 
5 bamers or dams to hinder liquid flow. In forming such "damsheH- structures, the ainaid 
web can first be slit and then molded to form the elevated portions with vertica. gaps 
open.ng to void spaces beneath the elevated portions. 

Possible uses of the present invention indude absorbent artides for intake 
■ distribution, and retention of human body fluid, Examptes indude feminine care pads and 

and max,pads. Examples of ultra-thin sanitary napkins are disdosed in US Patent 
No, 4.950.264 and 5,009.653 issued to Osbom; and US Patent No. 5.649.916 issued 
. 22,1997 to D^a et a,, each of which are herein inco^orated by referee "n 
their entireties. Likewise, the present invention can be applied to diapers, disposable 
15 tra.n,ng pants, disposable incontinence pants or puH-up, menstrua, pants other 

d-sposable garments such as incontinence pads, bed pads, sweat absorbing pads shoe 
pads bandages, and the like. The present invention can a,so be incorporated in artides 
adapted for particular portions of garments to be worn on the human body. gaske ts for 
ostomy bags, and medica. absorbents and wound dressing, The artides of the present 
20 .nvention can provide significant leakage protedion. fluid center-fill absorptive 
performance, and other desirable attributes for absorbent articles. 

Forfeminine care pads in particular, the present invention offers surprising 
advantages in terms of comfort and fit. The combination of two or more .ayers of molded 

25 Tt 2 haV,n9 ° VeriaPPin9 " SUPerP0S6d el6Va,ed re9, '° nS *-* a sharp.y 

25 define "-p ,n the absorbent core that appears to have been formed by mo.ding an 

U ZT7T 3 Centra ' P,ed9et " ° ther inSert ' Whe " in fact no addi «°-l serial is 
needed ,n the absorbent core. Further, the hump has a cushiony, resilient feel, being abte 
to spnng back after depression, even when wet. but being more comfortable and 
oompHant than a hump created by insertion of a centra, ptedget beneath an airlaid iayer 
Further sti... the hump has substantia, void space beneath it and can have substantia, void 
space between the layers of ainaid web that make up the hump, depending on the 
topography of each layers and the propensity for the layers to nest together. Non-nesting 
patterns can be used in some embodiments to increase the void space within or beneath 
the hump, and to improve the resilience of the hump. 
35 The molded airiaid webs of the present invention can provide usefu. and novel 

■ntake materials for acquisition of .arge volumes of urine in diapers and related artides 
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m lo^kaae Further, embodiments can also be 
^ prt*, ^oved body « » elding ft. feca. — * 

adapted » — «• — ^ I. M 

„B spaces bene* elevated Had ttaps access* Wo 

topography of the molded altlaid web. ^ B sliuclure5 

, The mowed aldaid webs of me present ^ 

aeprcssioothatsetves to recetve * , ar9er aac«on of absotben. 

The mo«ed web can be pfaced in an aosodtfn, •** »* * ^ ^ 

,„mt a cup«e shape ,n use that file abotdt lro)rtln e n « davtces. fhe 

TO , de a web has a oantral molded dome that » «»» ^ Meltl od S 

^ fowand ft. »« oonft^on M - -T^L* .0 .ana a oop- 

H shape in .he on** region ate ^ ^ is8u ad February 

* "*« TranS,er "* " France. Replacing the piedge. w» a 
27 , 990 to Miner at*, herein incorporated By "^^J 
^ad^afd^aanacNevea^eW^a^. 

DefinitiSDS 

20 s. o«h m rpference to a binder material in 

As used harem, the «. **-r when used "J^Z^ ^ b|nder 
a Sbrous wab receiving enetgy front an energy soar ^ mMtM can 

p e saw to be ac.va.ed when, for a ^ c^c fibers 

.oge»«ra te .i.israsc«i fi ed.,,«^nd ^^^^n^dfe,.. 
MW mafedef. •» binder matenal . t** resl „s and 

35 :^r=r^r^^--* 
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r:rrir~----- WMata „ _ 

As used herein, the term "cel.^. " C ° nneCti ° n With F,G - 1 ■ 

Percent bv wpinht 

10 ftan^aacharfca, W0M 2^,^ ra ™ 

or bacferia, ^ " "° M "* *«*- wood pulp. 

As used herein, the "crotch reaion" of » . 

««o. «d resMas 6*^, „ ff0n , J* °' 0,6 •» bwmtf pan <* ^ 

7 to 10 cm in Ifte .or^, — - (r spans approx^,,, 

^-^^aa^pa^n^jr^^^^^^ 

25 "^^'^lon-gena^a^lT 

- »» absorban, arWa. '"" d ls ce nlral 

» 7^ fe ^™gane^pa^ to ^^J~^^at^20». 11 » 
* an atfanswa an«a am oi saosed in w **" 'or prod ucli(I „ 

>o Oobom. bara,„ P *» < <*>• S.6,1.790, tesued Maren 18 , 1m 

.n tang* ana ^ „ e J ^ ~ « «» — I. boo, 
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5 derail m US Pa,en, No. 5.624,423, rssued Apn. 29, « » An, „ 
ilKOT ora,ed by reference * *s pmcedure . ^ 

Circular Bend Procedure of An,ur el ar. Iace ^com* 

■n^«^l*-^° , » s ^^^^ tote xu^*»ce. 

,0 convex. The Circular Bend Procedure grves te ateortl en. ad.de can 

aina^r^av^aWn^^da^a^c^ 

rr^-^Cl^endn^ • 
_abouijuuO_grams.orJess.mre-apM«oarry »» cenlral absortenl 

15 ^ as -' i r s : d cr:t:r;randn. l a P e«,va, te 3 St 

about 30 grams, more specmcany <« 

about 150 grams. f air|ajd web that can 

ieadi , y bond due to One shape o. the «** to *™ ^ ^ 

mnavene direction are desired. A nexure zone w ( 
^me-ry of rbe moKed aidaid web and can t. •~T£Z tmt „ suSden 
conesponding to a cusp between two curves ^'^^^ ^o^example, in a longitudinal 
* ang e ,„ n»teba, propertes ^^^ZU i*ed a. 

ends (similar to tne aigu o 

mal hema«cs bas no physical drmensrons .be cu^te^r 

30 semWdes. tor example), such as a relalrvely ^ aBool 2 mm „, less. 

h»v*g a «e length o. about 5 nan «"> — 

0.3 mm to about 1 mm. If the port.on o a were 
^nexte^ssub^ 
35 extruded into the transverse d.rect.on), the Jhe 
about a .ine or band comprising the cuspiike reg,on and serv,ng as the 
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.h /; ::''~'°'""'°''"^ waKenM ^ sl »9°'<«asedl,yfoldl n g suchthat 
~ * ta - - ~* * the 

As used her*. the te™, . refe(s ,„ 

y,ng ,n a ta-*, ptane). an, ^ „ Knsreree ^ 
10 *ec 6 ono f , h e artdb .a SW e,, asi , tenTOdialed ^ ons TheorfenteWt^l 

^^^■^'^^"P^-^toama.enaiha^a^c.ar* 
0, water . a,r o, a, teas , 90 ,„ M , as ^ herein J 

15 rete* to a n^terfa, Ha Wng a contact angta otwater in a„ o, teas to 90 deg^s 

5.990.377, ^'-2°"e=Absc^ntWate.-,ssaadNcn re n*ar23.1999.r, e ,a l n 
20 ,nco*orated by reference a^men, ,s made by examining he*,, date t™ 

^"^^."arnc^a^wab^ana™^^ 
ody-stde surface upwards. A proffc ». that ancorapaasas the etdren^Thet*, 
(maxtmun, and minimum, ,a„„d „„ me uppa, surface (bady-sida surface, eZrlT 

^^•^ap.nutea.iata^nandanatyaad.TnedWeten^Cr 
25 bet^en me 90% materfa, line ,a iine a, an eieva«on such M 90% a, the 

neaan g ^ pr o fciS banea^a„rfacea,.eaamp te ,a„d,ba,0%mi^t 
In. * an etevabon such ma. ,0% a, the ten*,, „, , he „ along „, J^" * 

surface a, the senpfc) „ ^ t^,^, ^ 9 

30 r;e s : eovera r urfaM ^ F ^"^ D ^^^ 

30 mm. me cammeroa, moire interferometer desedbad in US Peten, No . 5.990.377 may 

ZVT b,nafcn ° ,datefrOm,<roOTm0re -"^a„imdiueren, f aca,pLrm 
ebtam d«a over a targe, hengh. range man fe poasibte with a s,n 9 ,e measurerl Z a 

mo,e,n,erfa,ome,er ( ,m ab r 9 e,^ca,sp a „oanba a dap,«,Luse.rZ^r 
Surface Depth can be about 0.5 mm „ greater, more spedScaiiy ebou, , l^ater 
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, m 9 mm to 25 mm The Overall Surface Depth value is 

females adjacent to M pudendal region Mk Wended »*»* and rxmtainfhe 

females adiacerara v Mood, menses, and unne). 

various exudates which are discharged from me body (e.g..» 

ZTw Present invention is shown and described in the torn of a sanrUay napWn. ,t 

r^ulretood^^presentinvan^isatsoappi^too^rtem^ 

* hvtfl or cattmeni* pads such as pant, .nera. or other absomen, arbcfcs such as 
rpTreorinoon.nenoepads.Th.temt-.en.nineoarepdd-asusedhere.n.s 

regto „o.amo^^webaai,re Ste onana,hod Z on te ,au rf ace,e,ev*nb^ 

,0 In relative to the M surface) with the body-side surface facng upward •""»»" 
"o, me molded aidaid web a, pc^ .0 reading. . .ha web prior ,0 motd.g*. no, 
substantially unKorm «mess. the looa, thickness to bo subtract* aom me 

Z2» can be measured m any sui.abfc fading mo,re intetferomsuy o, 

25 ^ o! a contact stylus a P pfy*g a tores sma» enough to no, cause an, nobcoab. 

deformation o, me moWed airlaid web. ^ 

As used herein, me term -transverse- refers to a line, axis, or u 
^,n,h^rem,heab S od J en,a«eand fe generalt,parpendto l «to»teton 9 «udma, 

^m^branav.re.c^^Ukewfea.-^fatora.oc^^^ 
centedine thereof, applied substantially in me transverse direction. 
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Brie f Description of thP nrau/ing c 

FIG. 1 depicts one version of a molded airlaid web according to the present 
invention. 

FIG. 2 depicts a transverse cross-section of the web of FIG. 1 . 
5 FIG. 3 depicts one version of a molded airlaid web. 

FIG. 4 depicts a cross-section of one version of a molded airlaid web. 
FIG. 5 depicts a cross-section of one version of a molded airlaid web comprising 
apertures and hydrophobic material. 

FIG. 6 shows a projection view of one version of a molded airlaid web. 
1 0 FIG. 7 is a top view of one version of an absorbent article comprising a molded 

airiaid web. ' 

8 is a cross-section of the article of FIG. 7. 

FIG. 9 shows one version of a mblded ainaid web with a molded depression and 
clamshell structures having slotted gaps. 

15 FIG. 10 is a schematic of one version of a molding process of a web comprising a 

thermoplastic binder material, wherein the web is preheated in a microwave chamber and 
then molded against a molding roll. 

FIG. 11 shows one version of a through-drying system adapted for thermal 
molding of an airlaid web. 

20 FIG. 12 depicts one version of a rotary molding device wherein energy is applied 

to the web through an energy-permeable surface of the rotary molding device as the web 

is held in a three-dimensional configuration. 

FIG. 13 is a flow chart for one version of a process for making molded airlaid webs 

from preformed flat airlaid webs, as part of a production process for absorbent articles 
25 FIG. 14 ,s a photograph of a metal plate used to mold airlaid webs according to the 

present invention. 

FIG. 1 5 are computer drawings of matching male and female plates, used to 
design the plate of FIG. 14. 

FIG. 16 is a gas-permeable molding system used to mold airlaid webs having 
30 designs similar to those of FIG. 1 . 

FIG. 17 is a photograph of a section of an airlaid web molded on the molding 
system of FIG. 16. 

FIG. 18 depicts an absorbent article comprising a molded airlaid web 
FIG. 19 depicts one version of a simple method for hotding open a slot in an airlaid 
35 web pnor to application of heat to create a slotted vertical gap in the web 
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retailed De crription of the Drawings 
FIG 1 depic^amoldeclairlaidwebMaccoKlingtolheprMentinvenlioo. 
parte** suited for use in a sanitary napkin tor teminine eare. The molded able* w*_ 
2 0 camprisaa a oenbal to*** hump 22 surrounded by a urs. recassad e,onga ad nng 
5 24 an annular etevated nng 26. and a pK,r3lity af ate.atad rag.pns 28 vullh reeessed 
.epiona 30 separabng adiacan,a,a»a.ad regiens 28. wherein ft. reeessed regren. 30 
funded by M reg*ns (aucb aa ,na eteveted regkxrs 28 pr fte lon^nal ends 

^udina, aldea 34 and longitudinal ends 36. The edge reg»ns 44 near the to ng„ud,nal 
,0 skies 34 are relative* flat in the embodiment shown, bp. oan also be 

The reoessed elongated ring 24 k an example p. a bansition reg» between an 
abated sbuehae and fte sumppnding web 20. Transibon regions oan diner man, •M* 

Lh aa swnasa. densby. baste weigh., chemioa. addon M degree P. thermal 
,5 bonding, and are like, or oan ha»e auba te n«a^ the same properties as .he we* ,n 
LJ setee*elye«flbned.b*«ve to ~"*~<*- 

I e ^S^n^b.ad, te vadb» M add^ofr^..r^t^ 
m atenal and erossimkers. or adoWona. abeoiben. matenal. or by denstfoabon e.g 

20™, be fr—d in an abaorben. arbeke auoh aa a eanUaoy napkte 
(n0< ancn). whioh genera* .ndudea a water impermeable 

parous .opsheetwith an abaodran. bona aand»k*ad therebetween. The .opsh^e, may 
25 be a nonwoven web. an opened •» and .he like. Hydrophobic matena, may be 

hydrophobie manor in discrete aonea. as dasohbed by Chen e. U.S. Paten. 
5 990 377 issued November 23. 1990. herein Ineorporated by referenoe. or may be 

Keatmen. method o. R D'Agpabno. diadosed in European Paten. Appltcabon 0 985 74. 
A1 published March 15, 2000. 

havi ngasubstantia..y uniform basis weight d^bu«oa The shape of me ^surface 38 of 
the web 20 conforms substantially to the shape of the bottom surface 40 .n this 



35 
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-ymu.su.oui.on. i he web 20 has a typical local thicks i /», 
thickness of the web 20 iteed. h«e taken as fbe «ckness oL , 

5 mowed web 20. The apparent thickness A of the entee web 20 is the heL „TZ h . „ , 

T Z 7 ^ Under SUl ' S, * , " ia " y no «*»■»*» load The 

*7"'^-A^^^20,s^^ lhe ^ md<ne 3 5Land ^ er 

(M«oyo Dkjknatic indicator. Mode, 543-523-,. Mitutovo corp. of AmeHca AorTa 

~ * «"* - «« - sptndte I saZTrr.^1 the 

. he,gh,of«,ah lg nes,stn J ca J re rel aava 1 oa„ U nded y ,„ 9te , surfacc S '™ 9 

me ^ , ^ neK-Lls ^'>>'nlmumdialancefromapointonor»surfaceof. h » 

™» — - » « ,egk» can be measured as thickness M * reg L 

barwaan a™ parafc, pte^ of 0 ^ „ „ = -« P- 

^""^V.ooaasasab Sten «a l aef c ™a, lOTOfly p ic a lstebfeedaWaM<re ^ '"*" 1 " Sa 

nvan ri^r ^ttrface Height" S of the central hump 22 (or of other elevated stractares) in a 
molded antaid web 20 is also shown. »™iures; in a 

The ratio A/L can be abou, 1.5 or greater, more specflcaHv abou, 2 or gnaate, 
rjT* S,i " ^ 4 - ^ - — -» mam 3 ,o 7. The S ^a 

FIG. 3 deplete a maided aidaid web 20 similar to that of FIG. 1 except that «» 

30 can he TT! «*«»™*. cutvafure of an, of the elevated tagions 23 

30 can be altered sabstenWv tan what fc depicted in FIG. 3 and ah, be within the sZ " 
me present tnvenbon. For exan , pte , „, ^ * 

imas. o, a combinaban o, convex, cancave. and stag™ iinea. or more cortex shZ 
such as sinusoidal shapea or the like. complex snapes 

« ' Fla4 *F*ano»«cr M s.se*n„famoldedaidaid^b20w«hacenbe, 
fongaudina, hump 22 and Iwosmalte, elevated regies 26. a.**, aid! 
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FIG 5 depicts another cross-section of a molded airlaid web 20 with a large 
central longitudinal hump 22 further comprising apertures 46 and deposits of hydrophobic 
matter 48 on the body-side surface of the longitudinal hump 22 in regions between the 
apertures 46. The hydrophobic matter 48 promotes a dry. clean feel on the skin, when the 
5 molded airlaid web is used in an absorbent article intended to be worn against the body, 
while the apertures 46 permit rapid entry of fluid beneath the molded airlaid web 20 and 
into either underlying absorbent material (not shown) or into the void space beneath the 

longitudinal hump 22. 

FIG 6 depicts a projection view of a molded airlaid web 20 having a shape like a 
10 sinusoidal wave whose amplitude tapers away from the center of the web 20. resulting ,n 
a centra, hump 22 of highest amplitude surrounded by other elevated regions 28 and 
recessed regions 24. Such a web 20 could be one in a stack of multiple molded a.rla.d 
webs 20. either apertured or unapertured. for use in an absorbent article such as diaper 
FIG 7 depicts the top view of an absorbent article 70 into which any of the molded 
15 airlaid webs 20 of the previous Figures can be incorporated, but which specifically depicts 
the simple structure of the molded airlaid web 20 of FIG. 5 (minus the apertures and 
hydrophobic matter). The article 70 comprises a liquid pervious topsheet 72. part.al.y cu 
away to show underlying components, attached to a backsheet 74 at the periphery 86 of 
the article 70. with an absorbent core 90 disposed therebetween. The core 90 compnses 
20 an upper molded airlaid web 20 comprising a centra, hump 22 and a transition^ 54 
(which can be a recessed region) between the centra, hump 22 and the relatively flatter 
edge regions 44. a central pledget 82 beneath the central hump 22. and a lower 
absorbent layer 84 beneath the centra, pledget 82. The centra. p.edget 82 is .ocated w,th,n 
the crotch region 88 of the article 70. 
25 Exemplary topsheets 72 can be made in accordance with US Patent No. 

5 533 991. issued July 9. 1996 to Kirby et al.; US Patent No. 4.342.314 issued 
August 3 1982 to Radel et al. and US Patent No. 4.463.045 issued July 31. 1984 to 
Ahr et al 'The topsheet 72 may comprise an additional transfer layer to help direct flu,d 
into the absorbent core, as disclosed, for example, in US Patent No. 4.397.644. issued 
30 August 9. 1983 to Matthews et al.. herein incorporated by reference, and may be treated 
with any additive known in the art. 

The backsheet 74 is generally impervious to liquids and. thus, prevents menstrual 
fluid or other body exudates which may be released from the absorbent core 90 from 
soiling the body or clothing of the uSerial Any backsheet material used in the art for such 
35 purposes can be utilized herein. Suitable materials are embossed or nonembossed 
polyethylene films and laminated tissue, optionally treated with sizing agents and wet 
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strength agents. Breathable films that permit moisture transpiration to occur without 

significant condensation can also hp hcoh th* k^.^ ^ 

, iiW UBW xo..cci #*t may oe emoossed or 

provided with odor-controlling materials. The backsheet 74 may also be made of a soft 
cloth-like material which is hydrophobic relative to the topsheet 72. An exemplary doth- 
5 like backsheet material is a laminate of a polyester nonwoven material and a film such as 
•s described in US Patent No. 4,476,180 issued to Wnuk on October 9. 1984 The 
backsheet can be a polyethylene film having a thickness of from about 0.012 mm to about 
0.051 mm. Electrospinning can also be used to create fine denier fibers in an assembly 
that is breathable but liquid impervious. The backsheet 74 and other components may be 
10 biodegradable and/or flushable. 

FIG. 8 provides a cross-sectional view of the article 70 of FIG. 7 taken along the 
transverse centerline thereof. The central hump 22 of the molded airlaid web 20 provides 
topography to the body-side surface of the article 70. Beneath the central hump 22 is a 
void space 80 between the garment-side surface of the molded airlaid web 20 and the 
15 backsheet 74. Disposed directly below the void space 80 is the absorbent central pledget 
82 wh.ch serves to increase the absorbent capacity in the central portion of the article 70 
and to provide a level of added resiliency to the central hump 22. Both the molded airlaid 
web 20 and the central pledget 82 are disposed above a lower absorbent layer 84. 

The materials of the absorbent core 90, including the molded airlaid web 20 the 
20 central pledget 82, and the lower absorbent layer 84, can each comprise a wide variety of 
absorbent materials. The central pledget 82 and the lower absorbent layer 84 can each 
comprise wet laid, air laid, or nonwoven materials, including thermally bonded airlaids 
(TBAL) made with cellulosic fibers and thermosetting binder material, multiple plies of 
tissue, comminuted fibers or fluff pulp, coform. laminates of tissue and superabsorbent 
25 particles, flexible absorbent foams, peat moss, and the like. 

In one embodiment, the absorbent core 90 comprises two or more airlaid webs 
such as an upper molded airlaid web 20 and a second lower airlaid web which could be 
the central pledget 82 or the lower absorbent layer 84. or a plurality of molded airlaid 
webs. Each web can have a basis weight from about 80 gsm to about 400 gsm. 
30 In addition to one or more molded airlaid webs, the components of the absorbent 

core 90 can comprise cellulosic airlaid webs of comminuted fibers (commonly termed 
"airfelt"); cellulose-superabsorbent mixtures or composites; hydroentangled webs 
compnsing ce.lu.osic fibers; composites of synthetic fibers and papermaking fibers such 
as coform, as disclosed in US Patent No. 4.879,170. issued November 7 1989 to 
35 Radwanski et al, rayon; lyocell or other solvent-spun hydrophilic fibers, such as those 
disclosed in US Patent No. 5,725,821. issued March 10. 1998 to-Gannon et a„ cellulosic 
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FIG. 1 1 deplete a differential pressure molding section 100 in which a threunt, 
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increase its moldability. and is beneficial for certain binder materials that require moisture. 
For example, steam could soften and/or swell a binding agent such as VINNEX® Dry 
Emulsion Powder (DEP) binders of Wacker Polymer Systems (Burghausen, Germany), 
leading to improved bonding with the latex-based binders. In one embodiment, steam 

5 treatment equipment is used as disclosed in US Patent No. 5,968.430. issued October 19. 
1999 to M. Naito et al.. in which foamed particles are fused together as steam contacts an 
article. DEP binders can be deposited in an airlaid web during or after production of the 
web and later activated with moisture prior to or during molding, followed by drying and 
curing of the binder material. When curing of a latex or other crosslinkable binder material 

1 o is desired, the web temperature during curing can be about 1 30°C or higher, more 
specifically 150°C or higher, more specifically still about 160°C or higher, and most 
specifically from about 140'C to about 200°C. In some cases, the degree of crosslinking 
can be limited for improved flexibility or water dispersibility of the product by restricting the 
peak temperature of the web. For example, drying and/or curing may be conducted at 

15 temperatures not exceeding 180°C, more specifically not exceeding 160 e C. more 
specifically still not exceeding 140 o C. and most specifically not exceeding 120°C. 

When steam is used, it may be combined with air such that the mixture comprises 
about 10% or more steam by weight. 20% or more. 50% or more, or 90% or more steam 
by weight. 

20 In an alternative embodiment, the hood 1 50 of FIG. 1 1 is replaced or augmented 

with one or more hot air knives (not shown), as described in US Patent No. 5,962,112, 
issued October 5, 1 999 to Haynes et al., previously incorporated by reference. 

FIG. 12 depicts a molding section 100 having a rotary molding device 160 which 
permits application of energy to a web 20 as it is deformed into a three^Jimensional shape 
25 against a molding substrate 162 on the rotary molding device 160. Energy is applied from 
a central energy source 164 through a plurality of conduits 166 through an energy 
permeable surface 168 of the molding substrate 162. The applied energy activates the 
binder material in the web 20. causing either solid binder material to melt or causing liquid 
binder material to cure, such that the web 20 can retain the three-dimensional shape 
30 imparted to it by the molding substrate 162. even when wetted in subsequent use. (Some 
cooling of the molded web 20 after leaving the rotary molding device 160 and before any 
subsequent compressive operations may be necessary when thermoplastic binder 
material is used for the molded shape to be effectively retained.) 

The applied energy can be in the form of microwaves, in which case the conduits 
35 166 can be waveguides and the energy permeable surface 168 of the molding substrate 
162 is a microwave-transparent or microwave translucent window made from a suitable 
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material (e.g., Teflon™ or other polymers having low dipole moments). A microwave 

reflective backina or containment wall /nnt ck™./«\ ~>->w ^ . i * 

— — * ti W/ uocu iu aunuuiiu mucn ot ine 

rotary molding device 160 to prevent leakage of microwave radiation and. in some cases, 
to help establish resonance of microwave energy focused on the web 20. Microwave 
5 absorbing chokes (not shown) may also be installed around the treatment area. 

The energy can also be in the form of ultraviolet radiation passing through a UV- 
transparent (or UV-translucent) window 168. The energy can also be in the form of 
infrared radiation, general radiofrequency radiation, or even heated air, in which case the 
energy permeable surface 168 is literally a porous medium such as a wire mesh that 
10 permits air to flow into the web 20. 

The web 20 is held in place against the rotary molding device 160 with an external 
belt 1 72. The belt 1 72 assists with the molding of the web 20. It can be transparent. 
. opaque,.or reflective with respect to the applied energy. For microwave energy, the belt 
172 may be substantially free of high dielectric materials to allow microwave energy to 
15 pass through the belt 172 and be reflected off a backing (not shown) back toward the web 
20, or it may be metallic to reflect microwave energy back toward the conduit 166 or to 
guide it into the web 20. When heated air flows from the energy source 164. the belt 172 
may be permeable to permit hot air to pass through the web 20. The belt 172 can also be 
impermeable. The tension in the belt 172 can range from about 1000 N/m to 50,000 N/m, 
20 and can apply a pressure against the web 20 on the rotary molding device 160 of from 
about 0.5 kPa to 50 kPa. 

A shield 174 in the exposed area of the rotary molding device 160 helps prevent 
leakage of energy Further, the rotary molding device 160 can be internally gated to that 
energy is not applied to a conduit when it is entering the exposed region of the rotary 
25 molding device 160, where the web 20 is no longer in contact with the rotary molding 
device 160. 

The molded web 20 as shown can have a variety of complex shapes, including 
having molded sections featuring a central longitudinal hump 22 and other structures 
suitable for use in an absorbent article. 

30 FIG. 1 3 is a diagram summarizing a basic method for production of absorbent 

articles comprising molded airiaid webs of the present invention. First, a flat airiaid web is 
produced using any method known in the art, including the use of Dan Web air former 
equipment from Dan Web International, Denmark, or according to the method and 
apparatus of Dunning et al. disclosed in US Patent No. 3.825,381. issued July 23. 1974. 

35 herein incorporated by reference. Airiaid webs may be formed with uniform thickness and 
basis weight, or may be formed with regions of varying density and basis weight through 
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p^tcmg one or .Me layers of mowed aidaid webs adjacent to another absoroen, " 
component, so* as one or more tayets of tissue, a da, atrfet. or aide* web. an abaortten, 

5 ^-''o.neabaon^ tM re.^abs at e„,corema^c Ju dea 1 a y e,o,, lquM 
tmpe^us bame, matena, ,o separate a centra, p«on ot «,e absorten, coJL, an 
outer absorten, membar. anting „ me tea ^ gs „ ^ „ a , ^ 
US paten, appttcation No. 09,165875. -Absorbent Adtcte Having m^, WlM L 
"~*-<M October 2. « 

10 ^^"^CKotmoWedatda^bacanbecattntaaaped.cshape^cliasa 
reetengte or ovaloompdsing a cenbat longitudinal hemp. p teced over , 

bamer <e.g.. a potyoteftn am,, and inseded «. a cenbat vo« apace «u h a LgJ^Z, 

member, „he re by me wicking bamer tines die sides of.be molded aidaid web and fonaa 
15 a bame, spanning a yertioa, dislance between the molded aidaid web(s) and the 

^so^af^eoaterabso^n, membar tebtdher proven, ieaka^oTduid from J 
center of ate abaodten, atdcfe teward die tongitudina, sides ^ The oomposde com 
can then be adhered ,o an ondedying bacKahee, and an ovedying topshee, 

Combining a ptutalityof molded atdaklwebs can yiek, an absotben, sltua™ wilh 
a M . vo« spaces behyeen each taye, wfrem* the y« S paoas am capable o, 
receiving 6u«l and dbecdng taftowof.uk, in Pmteued daecttens. Tl* ptuntity o, molded 
aide* weba can stack in sudl , ma w ^ me ^ ^ rf ^ ^ 

_ '^.-^stecanaartakmgi^natsideahaea^tpw^ 

aoaordin^h ' C """ <X " ed a ' Um "" , ' ,, ^ » ** *eb 20 

acting »e ptesen, awendoa Th e plate shcwn fe the (ema|e 

male-temate saf The plates have dtosions o, 5 inches by ,0 inches in d» piane 1 a 
~ „ the uncentaured regfcns o, 0.5 inches. The piate is manned ,„ , palte Tf 

30 rTTT - ** ,3Pe ' '* ^ "*» * - — -4 from! 

30 c*der of the p,tes t*em *. tealures con,sp™d ,o the cenfra, hun* o, I JL to * 

mowed .hereon. The innenaas, dng d«Wng ta oenfra, hump has an elliptica, ehape and 
me outermoa, etements msembte reaan ^ ^ ^ J "» 

adjoin, shapes gmdually change from elliptical to rounded rectengufc, moving from 
die ,neno die outer. Theoen,erandtaou,en TO s,dn g aa,eO,56i„*eaabov! the 
35 uncontoured audaoe o, the plete ter the male and 0,56 inches below ,„ toe fe J X* 

suocessi.enngeprobudes.ceaaive.leasfrommeouterlotheinne,. Th^el 



PCT/US00/28389 

WO 01/26592 

protrusions of. respectively. 0.156". 0.141". 0.125". 0.109". 0.093". and 0.156". The 
female is the negative of the male. 

The plates are heated and an airlaid web placed between the two plates can be 
molded as conductive heat transfer causes at least partial melting of the thermoplastic 

5 binder material in the web. 

FIG 15 is a CAD (Computer Aided Design) drawing of the two matching metal 
p,ates referred to above, the machined female version of which is shown in FIG. 14. The 
drawing was prepared with SolidWorks 99 software from SolidWorks Corp. (Concord. 

10 MaSS ) F.G 16 is a photograph of a through-drying apparatus used to mold airlaid webs. 
A metal plate is provided with multiple holes connected to a vacuum line at the bottom of 
l ot^raph. Elevated 

Z sul fcr molding an airiaid web such as that shown in F.G. 1 . The a.rla.d web ,s 
Z over the plate, vacuum is turned on. and heated air from an electric a,r gun (s^lar 
« L a blow drier) is applied to the web to soften the binder materia, and cause effective. 

m ° ,din9 F.G 17 shows a section of airlaid web after molding on the apparatus of FIG. 16. 
The web is being squeezed slightly inward from the sides along the transverse centeriine. 
causing the centra, longitudinal hump to deflect upwards and causing the longitudmal 
20 ends of the article to bend upwards as well. 

FIGS. 18 and 19 are discussed in more detail hereafter ,n connection with the 

Examples. , 

past Bs gaaaaaa QsnM uu&sni ad bm&t Components 

The absent articles of the present Invention can be combined with other 
2S tuncbonal matertals Wen* (as b, adding material into the abscbem materia, . to, .the 

to odor absorbents, activated carbon fibers and particles, baby powder, zeolite* 

perfumes, fire retardants, supembsorben, partides (mending superabsorben, M and 

L as we,, as nee granule, mat»ial or superabsorben. deposi* a«ach* to mm 

30 othe, components o, Ihe absorben, art*e>. non^ven matenals. 

Is exbLwebs.ddsedoa.^ms.^i.eablp.and.a^l^webs eJeobo* 

devices so* as alarms indicating wetness o, leakage and othe, wetness indicators, 
opacitie-s. fillers, aerogels, sizing agents, amimlcrcbial agents, enzymes. «. exchange 
material, or enzyme Inhibitors such as urease inhibitors to prevent the produobon of 
35 ammonia. 
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Skin comfort of an absorbent article can be enhanced with the addition of known 

skin-cam matoriaic cmaK ~~ *i . . 

gg „ IUde u, 5UU5ea In commonly owned US patent application 
Serial No. 09/475825, fi.ed December 30. 1999 by L. Huard et a... herein incorporated by 
reference; US Patent No. 4.478.853. issued October 23. 1984 to Chaussee- US Patent 
No. 5.871.763. issued February 16. 1999 to Luu et al, US Patent No. 3.920 015 issued 
November 18. 1975 to Wortham. herein incorporated by reference; and US Patent 
No. 6.120,783. issued September 19. 2000 to Roe et al. 

Elevated structures in the absorbent core or on the molded airlaid web itself may 
be treated with agents to promote skin health and comfort, including hydrophobic agents 
to promote skin dryness according to US Patent No. 5.990.377. issued November 23 
1999 to Chen et al.. herein incorporated by reference. The void space beneath elevated 
structures in the absorbent article may be left vacant or filled with additiona. absorbent 
material, such as a pledget of ce.lu.osic fibers, superabsorbent partic.es. odor-absorbing 
agents such as zeolites, or combinations thereof. 

In some embodiments, for purposes of safety, health, and ease of processing it is 
desired that the molded airiaid web be substantially free of crosslink^ fibers or free of 
fibers that have been crosslinked with materials such as glutaraldehyde, glyoxal. or other 
formaldehyde-forming materials. The absorbent article or the molded airiaid web thereof 
can be free of formaldehyde forming susbtances. such as latex containing methy.o.-based 
20 crossing agents. CTMP or BCTMP pulp, melamine-based resins, and the like The 
absorbent article or the molded airiaid web can also be substantially free of latex or 
latices. including free of one or more of natural latex or synthetic latex. Natural latex can 
be a source of allergies, for example, and can be eliminated entirely in some 
embodiments. 

25 bi some embodiments, the absorbent core or the entire article itself is free of 

surfactants, though surfactants can also be used in other embodiments, such as in 
absorbent cores with gradients in surface energy imparted by adding surfactants to one 
surface of the absorbent core or to a topsheet 

; hem ° ,d ^ airiaid ^^ 
30 calcum carbonate, diatomaceous earth, zinc salts, siiica. mica, zeolites, activated 
carbon, and the like, or can be free of any one or more of the aforementioned solids 

In some embodiments, the absorbent article can be free of rigid materials such as 
plastic shapmg devices, such that the entire article is soft and pliable 

35 „ h , r !,T emb0dimentS ' the m ° ,ded airtaid wet > * unembossed (no region has been 
35 substantially densified. e.g.. the ratio of maximum local density of any portion of the 
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m olded airlaid web to the mean .oca. density of the molded airiaid web is less than about 
3. more specifically less than about 2 and most specifically less than 1 .5). 

r^n* T *\ Method? igr M^inn the Absorbent Article 

Generally, automated equipment can be used similar to the production lines 
5 already used for production of sanitary napkins, diapers, and the like, with minor 
modrfcations to produce the present invention. Modular systems can be used, where* 
the various unit operations in the production line can be moved and replaced w,th other 
modules without necessitating a complete rebuild of a machine. 

Generally, the airlaid materials used to produce molded airiaid webs w.ll be 
10 provided as roll goods, but can be made online in the production fadlity that produces the 
absorbent article. The production line can inctude a hammermill. picker, or other fibenzer 
- known in the art for production of fibers suitable for airiaying processes or formation o a 
fluff pulp mat. if fluff pulp is to be used. Absorbent materia, in roll form to be incorporated 
in the absorbent core can include airlaid webs, coform. mechanically softened pulp 
15 sheets, tissue webs, cotton, and the like. Exemplary methods for the production of aria* 
webs include those of US Patent No. 6.000.102. "Apparatus for Air-Laying of Rbrous 
Material or Granules." issued December 14. 1999 to Lychou. 

Likewise, the nonwoven or film components of the absorbent article are also 
generally provided in roll form. Roll goods are unwound and cut to shape, using methods 
20 sucha S diecutting.s.itters.orwaterjets.andthecomponentsp.acedinproper 

re .ationship one to another, typically with online bonding at selected reg,ons prov,ded by 
spray adhesive, contact with ultrasonic horns or heated embossing elements, or other 
bonding means known in the art. Components may be moved on continuous belts from 
one operation to another, and may be further transported with vacuum pick up shoes. ,ets 
25 of air. mechanical pincers, and the like. 

Of particular importance is the formation of the molded airlaid web for use as a^ 
primary intake layer or for assembly into a muitilayered assembly of maided airlaid webs. 
, n one embodiment, an airlaid web comprising thermosetting binder materia, such as from 
about 5% to about 20% by weight is provided in roll form, from which a length of a.rta.d 
30 web is continuously withdrawn until the roll is depleted and replaced. 

An airiaid web can be formed directly to have a three-dimensional form by us.ng a 
suitable porous substrate to receive the fibers as they are deposited. Shaped fiber- 
receiving substrates are typically most useful when spaced apart on a vacuum roll. w.th a 
web of highly permeable tissue placed over the roll to help separate the three- 
35 dimensional formed web from the substrate, in this manner, airlaid fibers tend to be 
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deposited with a nonuniform basis weight distribution as well as varying thickness. The 

lrvv;p mat nf flKore 

w ~... H ,„...y uiikjw maienai can then be bonded thermally or by 

ultrasonic bonding or other means known in the art. Molded airlaid webs produced in this 
manner have a two-sided topography, in which one side (generally the garment-side 
5 surface) tends to be relatively flat and the opposing side (generally the body-side surface) 
is three-d.mensional. Mats formed in this manner lack an attribute that is useful in some 
embodiments, for the garment-side surface does not have a topography that corresponds 
to the body-side surface (i.e.. the body-side surface is not the inverse of the body-side 
surface, or. stated differently, the molded airlaid web lacks a stackable shape capable of 
1 0 substantial intermeshing in a stacked arrangement). 

Molded airlaid webs with a more stackable geometry can be formed by molded 
existing airlaid materials provided in roll form. As the length of the unwound airlaid web 
passes through the apparatus for assembling an absorbent article, it is deposed on a 
molding substrate, such as a rotating mount, where it is conformed to the shape of the 
15 molding substrate as sufficient energy is applied to the web to cause the binder material 
to partially melt and fuse in contact with cellulosic fibers. Sufficient energy can be applied 
to the airlaid web prior to the application of significant molding forces that the binder 
material has softened, such that the airlaid web can be readily molded. 

The porous molding substrate can be a shaped wire screen or metal surface finely 
20 drilled with holes, and is in pneumatic communication with a vacuum source. The vacuum 
source can apply sufficient pressure to deform the molded airlaid web against the 
substrate. Alternatively, applied elevated air pressure remote from the molding substrate 
can cause the pressure differential needed to conform the web to the substrate. A 
combination of applied positive pressure on one side and vacuum pressure on the other 
25 side of the molded airlaid web can also be effective. As the airlaid web is deformed, 
heated air is passed through the web for a time period sufficient to cause at least partial 
melting of the thermosetting binder material. Other energy sources could also be applied 
as previously described, but heated air is generally preferred for ease of application and ' 
low cost. 

30 Deformation of the web to the molding substrate can also be achieved with the 

application of mechanical pressure rather than pneumatic pressure or in addition to 
pneumatic pressure, though is pneumatic pressure has the advantage of maintaining a 
substantially uniform density in the web after it is molded. When a web is pressed 
between two opposing surfaces to apply mechanical pressure, the web can be 

35 substantially uniformly compressed. Heated air may still pass through the web if both 
surfaces are porous, but ultrasonic energy or thermal energy applied by conduction may 
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also be applied, with conduction being a less preferred vehicle for delivery heat because 
of the z direction temperature gradient that will be imposed which may result in excess.ve 
thermal bonding near the heated surface or surfaces. If conduction is used, the web can 
wrap a heated roll or contact heated plates or other heated surfaces. 
5 After heat has been applied to partially melt the binder material, a burst of cooler 

air can be passed through the web to he! P set the binder materia, before the airiaid web ,s 
removed from contact with the molding substrate. The airiaid web may be cut to shape 
before, after or during molding. The web is then joined to other elements, including the 
oacksheet, the topsheet, and a .ower absorbent layer or other molded airiaid webs, .f 
10 desired, to form the absorbent article. 

If desired, the web can be apertured. embossed, foreshortened, pleated, 
corrugated, needlepunched. perf^mbossed. calendered, mechanically softened brushed, 
creased or treated with chemical additives sucb as surfactants before, after, or dunng 
thermal molding, though many mechanical web treatments are suitably carried out on he 
, 5 intact web prior to cutting of the web into discrete sections for incorporate .nto absorbent 
articles. Useful embossing designs include sine wave patterns in the longitudinal d.recfon. 
series of dots forming recognizable patterns such as circles or flowers, and the flared 
centra, lines depicted in commonly owned pending application Serial No. 09/165.875 
-Absorbent Article with Center Fill Performance." filed October 2. 1998 (see especally 
20 FIG 22A therein), herein incorporated by reference. Slits, folds, creases, embossments, 
and the like can also be applied in the patterns shown in commonly owned pend.ng 
application Serial No. 09/165.871. "Absorbent Article Having Good Body Fit Under 
Dynamic Conditions." also filed October 2. 1998. herein incorporated by reference. 
The topsheet and backsheet can be joined to the airiaid web after molding has 
25 been completed, but it has been discovered that greatly improved visual def.nit.on of the 
mowed airiaid webs topography can be obtain in the absorbent articie if the topsheet ,s 
attached to the airiaid web. suitably with adhesive*, prior to or during molding, such that 
the topsheet intimately follows the surface topography of the molded airiaid web. Care 
should be taken that the topsheet does not lose its usefulness by melting during the 
30 molding step. 

,n one embodiment, a cellulosic lower absorbent layer such as fluff pulp .s 
provided with a centra, void by stamping or cutting, the void being sized to recede a 
centra. p.edget and a molded airiaid web or muUHayered assembly of mo.ded airia.d webs 
disposed over the p.edget. An optiona. wicking barrier may be p.aced over the .ong.tud.na. 
35 side wa..s of the centra, void or depression prior to insertion of the mo.ded airiaid web or 
multilayered assembly of molded airiaid webs to provide barrier functionality for the centra. 
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portion of the absorbent article. The article is then provided with a topsheet and a 

„,w„ y „,„, ouieropuonai elements. 

In addition to previously cited patents, useful methods for construction of 
absorbent articles and assembly of various components are further described in US 
5 Patent No. 4.578.133. "Method and Apparatus for Applying Discrete Strips to a Web of 
Material.- issued to Oshefsky et al.. March 25. 1986; US Patent No 5 560 793 
•Apparatus and Method for Stretching an Elastomeric Material in a Cross Machine 
Direction." issued to Ruscher et a... October 1. 1996; US Patent No. 5.591.298. "Machine 
for Ultrasonic Bonding." issued to Goodman et al.. January 7. 1997; and US Patent No 
1 0 5.656.1 1 1 . "Method for Construction of Mechanical Fastening Tapes." issued to Dilnik et 
al., August 12. 1997. 



EXAMPLES 

Several examples of absorbent articles were made with the materials listed in 
15 Table 1 below: 
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Table I.Basic materials 



Component 



Topsheet 

Spunbond materia! 

Surfactant treatment 
Adhesive 



used in construction o f absorbent articles for the Examples. 
Manufacturer 



Fluff 



Alriaid-supersabsorbent 

web 

Completed web 



Fibers 



Binder fibers 



Densified airlaid webs 

Completed web 

Fibers 

Binder fibers 



Coform 



Impervious wicking barrier 

Polyolefin film, white 




Description — 

0.6 osy polypropylene spunbond web with 
0.3% add-on of surfactant (described 
below), pin apertured 

ethoxylated castor oil with sorbitan 
monooleate 

NS-34 series: slot-coated, pinstripe pattern, 
applied at a level of about 5 qsm or less. — 



apyiwsu 0i q w> ~ j 

Coosa River CR54 debonded softwood 
pul p comminuted with a h ammermill 



50% softwood fibers, 45% superabsorbent 
particles, 5% binder fibers with a basis 
weight of 500 gsm and a density of about 
0.1 g/cc. 

0% NB-416 bleached southern softwood 
kraft. 50% crosslinked southern softwood 
kraft 

Celbond #255: PET core, activated co- 
Dolvethylene sheath, 50/50 core/sheath 
ratio, concentric, 2.8 dpf. with T-255 fiber 
finish 

Granular sup ^bsorbent particles 



90% softwood fibers and 10% binder fibers 
with overall densities of 0.08-0.2 g/cc. 

NB-416: bleached southern softwood kraft 

Celbond #255: PET core, activated co- 
polyethylene sheath, 50/50 core/sheath 
ratio, concentric, 2.8 dpf. with T-255 fiber 
finish 



Backsheet 

Polyolefin film 



Adhesive 



Garment adhesive 



Release paper 



Edison Plastics Co. 



Edison Plastics Co. 



National Starch and 
Chemical Co. 



National Starch and 
Chemical Co. 



Akrosil Inc. 



m nan . . — — 

60% bleached kraft southern softwood, 
40% polyethylene, basis w eight of 135 gsm 



A low density polyethylene, 18 gsm, about 
1 mil in thickness 



A low density polyethylene, 20 gsm, 2 mil 
gauge after being embossed with a fine 
square pattern, coated with contact 
adhesive on one side 

NS-34 series, less than 15 gsm added, 
dnt-rnatert pinstripe pattern 



NS-34 series, less than 45 gsm applied, 
slot coated, t^ n 15 mm side lines 



White base sheet, one side coated with 
silicone releas e agent, other side printed. 
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Example 1; Through-air Molding 

A 175 gsm airiaid densified web (as described in Table 1) served as the lower 
layer of the absorbent core. The 175 gsm airiaid lower absorbent member was cut to a 
dumbbell shape with a length of about 21 .5 cm and a width at the transverse centeriine of 
about 6 cm. The dumbbell-shaped lower absorbent member was placed on the backsheet 
(as descnbed in Table 1 ) comprising a polymer film provided with contact adhesive 
Above the lower layer was placed a molded rectangular rounded central strip of a 
densified airiaid web having dimensions of 18.7 cm by 3.7 cm. The densified airiaid strip 
was as descnbed in Table 1 , with a density of about 0. 1 g/cc and a basis weight of about 
175 gsm. Molding was done with vacuum pressure pulling the sheet against the apparatus 
of FIG. 16 while heated air was applied to the web from a Variable Temperature Heat 
Gun. No. 8977. Milwaukee Electric Tool Corp.. Brookfield. Wl. Vacuum was applied with a 
NILFISK GMPC 115 Shop Vac (Nilfisk-Advance. Malvern. PA) connected to a metal 
vacuum box 6 inches wide x 1 1 inches long x 3 inches high. The unmolded airiaid 
1 5 material, prior to being die cut. was placed on top of the molding form, as described in 
connection with FIG. 16. The sides away from the molded region were restrained with 
wetghts (total mass of about 7 pounds) on either side of the molding surface to prevent 
transverse contraction of the airiaid web. The vacuum source was turned on As air 
flowed through the web. the Variable Temperature Heat Gun was used to apply heated air 
20 to the web. The gun was moved steadily to provide uniform heating until the web visibly 
increased in conformance to the molding surface. When the airiaid is visually deemed to 
have been formed into the desired shape, the heat source was removed and continued 
passage of air through the web was permitted, drawn by the vacuum source, to cool the 
web and solidify the binder fibers. 
25 The spunbond topsheet as described in Table 1 was then placed over the entire 

article, with edges extending well beyond the lower absorbent member. Adhesive held the 
cover in place on the molded airiaid web. The laminated structure was then cut with a 
dumbbell-shaped die having dimensions greater than the lower absorbent member 
(24.4 cm long, 8 cm wide at the transverse centeriine) to provide a rim of backsheet 
30 material and cover material around the lower absorbent member in an absorbent article 
having good integrity provided in part by the contact adhesive on the polymeric film. After 
cutting, the pad had the general appearance shown in FIG. 18. 
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Example 2 

An absorbent article was made similar to that of Example 1 . except that two 
mowed airlaid webs were used to form the absorbent core. The upper .ayer had a basis 
weight of 225 gsm and a density 0.12 g/cc. while the .ower layer had a basis weight of 
5 175 gsm and the same density, 0.12 g/cc. Both webs were initially molded with the 

JL* ^ice of FIG. 16. as described in Example 1 . The surface heig t of the molded 
airlaid webs was approximately 6.5 mm and the web thickness was about 1 .5 mm After 

202 mm long and 54 mm wide. The lower layer was cut to an hourglass shape 226 mm 
10 long w rt hend.obeshavingamaximum^dthof74mmandanarrowcenterw,t aw,dth 

p ,aced between the two airiaid layers. The transfer delay layer was a p,nk spunb^nd web 
labasis weight of 0.8 ounces per square yard.fibers of 2.2 denier, and treated w^h 
0 3'/. add-on of surfactant, as listed in Table 1 . The transfer delay layer was cot to a w,dth 

,ayer and the excess width of the transfer delay layer was used to wrap the s,des of the 
pper absorbent layer. Two-sided tape strips, about 3 mm wide and 226 mm long, were 
u Id to attach the wrapped transfer delay layer to the upper surface of upper ayer. The 
lape strips were placed between the folded-over portion of the transfer de.ay layer and the 
20 upper surface of the upper layer. 

spUond cava, aha.. (0.6 ounces pa, sgoare yard, with a 64 mm wide cenba, reg,on rha. 
ted been pin apertured). with «* adhasiva material of .ha bachahae. iaih^g .he cave, 
26 ahaa. around the penpher, a. .ha adlde. Tha aesembl. waa caa<a,ad 

ah=^dia^a l en^a.238n TO ahdan^nx 1 m^a,^ k *«^2 
* a minimum * a. ft. center (transverse cen.edme m £ 
T „a resulting absorbent article had the general appearance of lha aracle of FIG. 18. 1. is 
believed lha. lha transfer dala, laya, oan eerve aa o wiakmg banla, to help prevent 
30 laal^fa.m^aidasofdiaadlala.lllsalaaballavaclfha.aiaeaaaalayaraahanaaa 

Ldy « by preventing adhasiva bandog between fha central portion of I. Mr fcyer and 
1 badlet. such ma. 0. law layar can ftex away (ran, the bac^ee, and .card the 
body whan laterally campraasad from (ha sidaa by lha legs of a uSenal 
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Example 3 



An art.de was made according to Example 2 except that a pledget cut from a layer 
of mM was inserted between the upper absorbent layer and the transfer delay layer The 
airfelt layer (comminuted bleached softwood kraft fibers deposited by air after 
5 hammermilling to form an unbonded fluff layer) had a basis weight of 340 gsm and a 
density, after calendering, of 0. 1 7 g/cc. 



Example 4 



An article was made according to Example 2 except that the lower absorbent layer 
was made from airfelt rather than a molded airlaid web. The airfelt web was a 400 gsm 
10 softwood layer embossed with a sine wave pattern and further joined to a tissue layer on 
the upper surface. Two straight embossed lines in the crotch region were also provided 
each about 70 mm long and 2 mm wide, spaced about 40 mm apart, embossed with the 
tissue in place. 



Example 5 



15 



An arfde was made according to Example 3 except that the lower absorbent layer 
was replaced with an outer absorbent layer made from a ring of airfelt. and the transfer 
delay layer was replaced with a white polymeric film having adhesive on both sides such 
that the film lined the central void of the outer absorbent member to serve as a wicking 
barrier. The outer absorbent layer was made from airfelt made from the 340-gsm fluff of 
20 the pledget in Example 3 (basis weight 340 gsm). It was cut to an annular hourglass 
shape having an outer hourglass shape 226 mm long, with lobe widths of 74 mm and a 
central width of 64 mm. with a rounded rectangular hole 188 mm long and 44 mm wide 
The whrte film (the impervious wicking barrier of Table 1 . provided with adhesive on both 
sides) was wider and longer than the final article, so upon final cutting of the article it 
25 would have the same dimensions as the article. The film was placed over the airfelt' ring 
A stnp of tissue. 1 77 mm long by 35 mm wide, was placed over the wide film, centered 
w,th respect to the central void in the airfelt ring. The pledget, having a basis weight of 
650 gsm and a density of 0.14 g/cc. was then placed over the tissue, centered with 
respect to the central void in the airfelt ring, and the upper absorbent layer (a molded 
30 airlaid web) was centered above the pledget. The composite core was then sandwiched 
between a backsheet and a topsheet and cut to the same dimensions as the article of 
Example 2. 
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■r.-^l. & Th- 1"' MafcSng ""h m** 6 " ^'^ 

. The mowed « *~ — >« ««— *» «* FIG ' "'-""J 

L. as described in Table 1. The plates were mounted in a faong rela»onsh,p to 
5 %Z Zs surfaces C a heated press (Mode, ,-.4.5. Boston Eleolrfo Hea«* 
ZZL WO. whh I. femate plate oa the Mr surface and ,he mate ptete oa «. 

press surfaces were ^Wed v* dnlted rtetee ter •» 

^=rte^r^r^ Tr - 
- ^r:rj:rr^z:r.:rrr^ter 

S J- - eo,te 4 seoor*. roe statlbudoawae pushed. 

-rrp=^=:r:or:r:te, 

4 c ni^tes and allowed to cool to solidify the binder fibers, 
according to Examples 2 and 3. 

Fmmr la 7 ' filnttftd Gaps 
20 

m ,9 deptete a mowed aide* web 20 prcvHted w«h a slotted gap 96 A shee, of 

„ derlfted aide* web 20 o, Tabte , wee eeteoted bavins a density o. 0.14 g/cc and a 

TTL, aJl the slit 94 having ends equidistant (torn the longitudinal stees of me stnp 

HO. 19. The slide had a width of 2.3 cm (and a length of 7.3 cm), gtvmg «le arch 100 tn 
lheaidaidwabahaightofaboa(2.3cm. _ 

The arohed region 190 of the aidaid web 20 was than heated with a 1400 w 

7Z*>. m - a s**>g of ab»u. 75% o, ma,*tum. with a,t „M « 

Tepplied ho, air ove, the arc*. Md, •» «— 30% - « -*» «" 
TdTshfp 20. The aseembl, was a.owed to «. tot 60 seoonds a, toom temperature 
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(23-C, 500/c relative humidity). The arch 190 maintained its stability and even after beino 
compressed down to the same plane as th ftre c.r^__. . a even after be.ng 

body flu,ds or multiphasic materials (slurries, etc.). 

5 

Example fi- Mirr™ vnvr Tnni 

A 2450 MH * n*™— unit from Richardson Bectronico (LaFox 
«• Oenerate, was „ s|ng . wa > - 

MM No 6.020.580. ,ssued FebnJKy 2000 «, Lewis e , ^ p 
refe^aeea.s.HG. ,0,. Arc.twaspm^edofa.ncfrwtoa^dL.Zoi* 

-^»-«*«*«i*«i«.bMi-»bi«» 11 . 1 », na^eohLeT 
nwrute ,o 800 M per m™te. « w tevels ^ ^ ^ ^ «- 

rzr ene,ffl , rap * heaM *• •* * «* «« « 

20 do™ from „» ohambe, after sa m a coo** M occulred) . Kgher ^ 
raoa^a, 8* speed Inve^ated ,o hea, the web ,0 higher tempeJL'aucI IsTc 

T *» u * "° «"« « «- "*ed in 8* exampte. microwave-fransparan, ha«a 
25 fibrous webs into a resonance chamber. 



Example fl 

A bleached southern softwood Kraft aldald wab bondad with 5% latex was 
30 DP80 (po^ anl0nic ^ FMC Corp.) and 1% sodium hypophosphite 

a~ nTr^r - ,so% ^^^^ztzz 

at 05 C and lhan cured for 3 minutes at 17S-C. Anotha, piaoa was teft unfreated Tha 
unfreated a,H„d web and the .red. treated web ware both salu.ted m wTa'nT 
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nressed b, a load of 0.9 pounds per square in* fo, 15 minutes, .hep each air dned. The 

Z success*, in ^ we. — «» * »^ ,te ** 01 "" "* 
5 ,,*.» be appreciated .ha. .he foregoing errata, given for purposes of 

Z in Liu* reed.* approve Una, nrany n»d*ca.»ns are possrh e „ , *, 
rnecassan^nfhafsuohane^lntenf.ou^e^soop.o.dtepre^f 



invention. 
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We claim: 

^^^^^^^^ 

a) ^-~^ Mmprts ^ re|to . cBtereanaso|jdbMer 
mactune spe«l of at least 0.3 matars per swoncf- 

c) ri 9 i:r r r ,ia,rt " >anenK9 ' sour » as ^^-- to 

'0 blnder such *« » ««— ■ 

a, ^^^ofttea^^,^^,^ 
0 tba abac*,,, ^ 6etoeen a 

9) auactag a po^ „, ^ |opshee| , o a ^ ^ ^ ^JJ* 



-47- 



10 



\ pCTrtJSOO/28389 

WO 01/26592 

component in its velocity. 

, The ^ « Claint 7. M the — «■ — * * S * ^ 

wherein a healed gas passes through the web. 
, ,„. Ther.^o.C^.w.reth.eheetea^cOh^eeetteas.^hywe.h, 

of steam, 
of heated air. 

rhehre^otc.t.l.wt.reat^hg^wehan.^.hewehoe.r 
simultaneously. 

. *• ~ fho «/^h occurs prior to deforming the 
14 . The method of Claim 1 . wherein heatmg the web occurs p 

-j 5 web. 

)6 The n»u»< o, Otath, , . where, uiapcaing - »" - ~ 

* olephorto^hgrnewebagaatstanto^surtace. 

17 . Th.ne^o.C^l.whe^^absc^w^pHor.o^ts 
20 substantially flat. 

substantially greater lhan that of ««ulose. 
fiber. 

25 20 . ^,-t,— - — 
exceed 160'C during heating of the binder. 

21 . A method for forming an absorbent article comprising: 
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a) providing a wound roll of a flat airlaid web of ce..u.osic fibers a. a first 
proouction site, wherein the airlaid web a,so comprises at .east 5% binder 
thermoplastic binder material; 

b) «M« the M « „ ^ prodoaton s|te |o supp|y (he awakf ^ 

tea noktag ^ or a pcoductton system fo, absor6enl 
articles; 

O heating the airlaid web within the molding section- 

d) deforming the heated airlaid web against a molding substrate within the 
molding section to create a molded airlaid web having a three. 
d.mensional shape with a surface height of at last 5 mm; and 

e) attaching the molded airlaid web to liquid-impervious backsheet 

22. The method of Claim 21. wherein the molded airlaid web comprises centra. - 
long.sUd.na. hump and a p.ura.ity of transverse flexure zones imparted by molding. 

23. The method of Cairn 21 . wherein heating the web comprises ap P ,ication of 
microwave energy to the web. 



24. 



25. 

20 26. 

27. 
28. 

25 



30 



n. mm „, aa, m *. ^ ,*=*„ hrtMW pto „ deromi|ng |he 

The method « Claim 2,. w^t, haating tha web occurs after defomtteg tba web. 
A method ct prepay an absorbent ait|cie ^p^. 

a) providing an absorbent web comprising ceMosic libers and binder 
materia, selected Com a. teae. one of a soiid, an emulsion, a sluny a 
dispersion, and a liquid; 

b) applying radiofr equency energy to the binder materia, to activate the 
binder material; 

c) reducing application of radiofrequency energy to the binder materia.- 

d) deforming the absorbent web against a moiding surface before the binder 
matena. becomes solidified to impart a three^imensional shape to the 
absorbent web; 
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e) disposing the absorbent web above a backsheet; 
0 disposing a topsheet above the absorbent web; and 
g) attaching the topsheet to the backsheet. 

5 resin. 

Th e method of cairn 28. *«* •» " COTP, ' SeS 3 

comprises a crosslinking inhibitor. 



30. 
31. 



32 

•jO material 



33. 
34. 
15 35. 
36. 
37 

20 



25 



fiber. 

m. memod of aaim «*H« ,s "*"-" ^ 

applied within a tunable rnkrrma»e r^rianc. chamber. 

The method of Cairn 34. therein I. mtaowava energy is provided in the 
resonance chamber in a TM,n or TMwo mode. 

Tbe marhed of Ciaim 28. wherein fba binder is a wafer-soK*e. non«o,*dai. 
cationic thermosetting binder. 

Th en«»^o,aa, m 28.. U r»»rc.m^in 9 add,n 9 mc is » J re K drawebpnor,o 
application of the radiofrequency energy. 
38 . T ne ro e lto do,c,a,m28.«hereMhe— tempore of the «eb does no, 
exceed 140°C during activation of the binder. 

sid ea of the section and more MM contoured near the canter of the 
section; 
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c) heating each section sufficiently, while deformed against a molding 
sunace. to cause the binder material to become bonded to cel.ulosic 
fibers; 

d) disposing the first section above the second section to form a stack of 
molded airiaid webs; 

e) disposing the stack of airiaid layers above a backsheet; 

0 disposing a topsheet above the stack of airiaid layers; and 
g) attaching the topsheet to the backsheet. 

The method of Claim 39. further comprising providing an outer absorbent member 
having a centra, void therein, the outer absorbent member being wider than the 
stack of airiaid layers, disposing a wicking barrier over the central void and 
d-sposing the stack of airiaid layers over the central void such that at least a 
portion of the stack of airiaid layers resides within the centra, void, and wherein 
deposing the stack of airiaid .ayers above a backsheet comprises disposing the 
comb.nation of the outer absorbent member, the wicking barrier, and the stack of 
airiaid layers above the backsheet 

The method of Claim 39. further comprising providing a, least one of the sections 
of airiaid webs with apertures. 

The method of Cairn 39. wherein the three-dimensiona. shape of the molding 
surface for the first section of airiaid web differs from the shape of the molding 
surface for the second section of airiaid web. 

The me .hod of Cairn 39. wherein the three-dimensiona. shape of the molding 
surface for the second section of airiaid web. 

A method of making a molded absorbent article online in an automated machine 
compnsing: 

a) providing a continuous length of an airiaid web on a roll, the web 
comprising cellulosic fibers and thermoplastic binder material- 

b) conveying a the length of an airiaid web into an automated molding 
device comprising a molding substrate; 

c) heating the binder material in the airiaid web; 

d) deforming the airiaid web against the molding substrate to impose a 
shape to the airiaid web. wherein the shape comprises a centra, hump; 
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e) removing the web from the molding substrate; 

absent a*e b„ ft. "n*. m*nA a* 

„eb between a backsheet and a topsneet. 

^^abac*ant^xc<npna,^ed^^. 
^^0,0,^4,^^0^ o^oneo-n^e^o, 
additional absorten. malena! eombdee an abso*en. foam. 

passing heated air through the web. 

m . of Claim M wherein the energy appiied to the airiaid web comprises 

energy, electron beam energy, and infrared energy. 



45. 

10 

46. 



47. 
15 48. 
49. 

20 50. 

51. 

25 

52. 



Th mnd of Ciaim 44 wherein deforming the airiaid web against a rotating 
The method of Claim 44. wne m 
molding substrate comprises applying vacuum pressure g 



substrate. 



,ongitudinal sides of the molded absorbent member, 
densified bending lines in the airiaid web. 
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53. *^«P^a nate c rtMrtM . dehavll9anabS0I6eii 
y<a^, uompnsmg: 

a) providing a confinuous length of an airiaid web on a roll, the web 
compnsing cellulosic fibers and binder material; 

b) providing a portion of the airtaid web with a slit 
0 conveying a the length of an airiaid web into an automated molding 

dev.ce compnsing a molding substrate, such that the web is molded 
against the molding substrate, and wherein the molding substrate 
.mposes a step change in height in the airiaid web about the slit" 

d) applying sufficient energy to the airiaid web to activate the binder 
material; 

e) removing the airiaid web from the automated molding device; wherein the 
shape .mposed by the molding substrate is stabilized in the finished 
absorbent article by the binder material, and- 

0 cutting the airiaid web to form a molded absorbent member comprising 

the molded portion of the airiaid web; and 
g) attaching the molded absorbent member to a backsheet. 

^ ^eriaT ^ C ' aim ^ bind6r ^ «"~ letting 

20 55. 2^"^*^*^™*^**,^ 

56. The method of Claim 53. wherein the applied energy is selected from microwave 
energy, ultraviolet energy, and heated air. ™crowave 
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